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S U M M A R Y  
A method is presented  for  calculating  the  path of a jettisonable 
nose  section  at any speed by means of successive  approxfmations (solved 
graphically)  using  static  aerodynamic  characteristics. A comparison is 
made of paths  calculated by t M s  method with paths  determined  exgeri- 
mentally  at low speeds. In addition,  the paths that a fin-stabilized 
nose  section  would follow when  jettisoned by varfous size  rockets  are 
calculated f o r  two  hypothetical  subsonic  flight  conditions. The mfmimm 
s i z e  of rocket  for  successful  jettisoning is found and  it is shown that 
a larger  size  rocket having a shorter  duration  could also be used. 
I N T R O D U C T I O H  
One of the  problems  confronting  designers  of  high-speed  aircraFt is 
safe pilot  escape in an emergency. The conventional  bail-out  procedure 
of the  past  has  become  more  hazardous as the  speed of airplanes  has 
increased.  Forcible  ejection of the  pflot in his  seat  appears to be 
adequate up to high subsonic  speeds. A t  higher  speeds  some form of 
ejection  capsule will probably  be  necessary  for  pilot  escape  and  one  such 
method  is to jettison  the  nose  section of the  airplane in which  the  pilot 
is  seated. 
The  flree-flight  stabilfty of typical  jettisonable  nose  sections ha
been  experimentally  determined  at  both l w and high speeds  as  described 
in references 1, 2, and 3. It h&s been shown in these  investigations 
that fin stabilization of jettisonable  nose  sections w f l l  prevent  their 
turning away f r o m  a nose-first  flight  attitude and thus will avoid 
subjecting  the  pilot  to large acceleratione. The problem of separathg 
the  nose from the  rest  of  the  airplane h s a l s o  been  considered, and an 
experimental  study  for  one design is  indicated Fn reference 3. While 
dynamic  tests,  such &s those of reference 3, could be made on each 
proposed  design  to determine the  relative  motions of the  nose  and  the 
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r e s t  of  the &plane, they would have t o  be made for many flight con- 
di t ions an& the  whole test  program repeated for each means of jet t isoning 
t o  be considered. A method of successfve approximations has been applied 
herein  to  the problem of calculating the paths of a jett isonable nose 
section at esy speed through use  of a t s t i c  aeroayrrsmic data. As a check 
on this method, comparisons are presented between l~w-speed experimental 
reaults of reference 3 and calculations d e  by the subject method f o r  
the same conditions and uslng the  low-speed aeradynamfc data of refer- 
ence 4. Also, calculations of the path of a fin-stabiliied noBe section 
when jettisoned by rocket propulsion for two initial Bubsonic f l i gh t  
conditions are presented. 
S Y M B O L S  
longitudinal reference axis, coincident at instant of 
jett isoning to Iongitudinal body axis of airplane (See 
f ig .  1.1 
normal reference axis, para l l e l  at instant of Jettisoning t o  
norms1 body axis  of airplane (See f ig .  1.) 
to ta l   force   para l le l  to  X - a x i s ,  pounds 
to ta l   force   para l le l  t o  Z - a x i s ,  pounds 
sepmation of nose section f r o m  r e s t  of airplane, measured 
parralLeP t o  X - a x i s ,  f ee t  
separatfon of nose section *om rest of airplane, measured 
p a r a l l e l   t o  Z-axis, f ee t  
velocity o f  nose section relatLve t o  rest of -lane along 
X - a i ~ ,  feet per eecond 
velocfty of nose section r e h € i v e  t o  rest of airplane along 
Z - a x i s ,  feet per second 
resultant velocity of  afrplme at inatant  of jettfsoning, 
feet per second 
ccmrponent along X - a x i s  o f  velocfty of airplane at fnstant of 
jett isoning, feet  per second 
compnent along Z-axis of  velocity of  airplane at instant of 
jett isoning, feet  per second 
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resultant airspeed of nose section, feet per second 
angular velocity of nase Fn pitch, radians per second 
lift coefficient of nose section (L/~s) 
drag coefficient of nose section (D/qS) 
pitching-moment coefficient of nose section (M/qSE) 
llf't of nose  sect  ion, pounds 
drag of nose section, pounds 
pitching moment o f  noBe section about its center of  gravity, 
f OOt-pOIUIdS 
air density,  lugs per cubic foot 
acceleration due t o  pavfty,  fee t  per second per eecond 
w i n g  mea of airplane, square feet 
mean aerodynamic chord of airplane wing, feet 
-ic pressure, pounds per square foot, (+R$) 
pitching moment of  i n e r t i a  of nose section about its center 
of gravity, slug-feet squared 
mass of nose section, slugs 
time, measured from instant of jettisoning, seconds 
interval  of time between consecutive calculated  points 
thrust of ejection rockets (or pistons),  pounds 
weight of nose section, pounds 
angle of attack of nose section, degrees 
angle of attack of a i rp lane  a t  instant of je t t isoning,  &gees 
flight-path angle of airplane a t  instant of jett isoning, degrees 
angle between axis of  symretry of nose section and X-axis, degrees 
II 
- 
4 - NACA RM L5OGl8 
Yr angle that relat ive wind on nose malres with X-axis,  degrees 
U angle between thrus t   l ine  of ejection  rockets  (or  pistons) 
and X-axis, degrees 
!$ angle between axis  of symmetry of-nose  section and thrust  
l ine of .e ject ion rockets  (or  pis tons) ,  degrees 
Q angle between  X-axis and the  orizontal,  degrees 
d diameter  of base of nose section,  feet 
r radius of base of  nose  ction, feet 
1 distance between thrus t   l ine  of rocket and center  of  gravity, 
measured perpendicular to rocket thrust line,  feet 
AP -acceleration  along backbone of pi lot ,  g uni ts  
FP total  force  along backbone of p i lo t ,  pounds 
Subscripts: 
X x-axis 
P airplane 
P p i l o t  
R resultant 
M E T H O D  A N D  A N A L Y S I S  
DESCRIPTION OF THE METHOD USED 
Since the path that a jettisoned nose foTlows re la t ive   to   the   res t  
of the airplane and the aerodynamic forces and moments on the nose are 
interdependent, no direct  method can be used for calculating the path. 
A method of successive approximations utilizing graphical integration 
has been set  up and is described herein. 
Since the aerodynamic data in reference 4 are plotted against 
separation .along the body axes of the airplane, these axes are used as 
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the reference axes for the derivation of d l  the equations. Because the 
variation of the aerodynamic characterist ics of the airplane with nose 
separation is not known, the rest of the airplane i s  assumed t o  hold 
i t s  original course and speed during separation. The error  due t o  t h i s  
asellmption should be mall due t o   t h e  large iner-hia of the rest of the 
&plane and the small period of time covered by these calculations. The 
main effects 011 the airplane of jett isoning  the nose section should be 
an increase in  drag and a rearward sh i f t  of i t s  center of  gravity, both 
of which w i l l  aid the separation so that the present calculations, in 
neglecting them, should be conservative. 
From figure 1 the  total   force  exerted on the nose sect ion  psral le l  
t o   t he  X-axis i s  
FX = T COB u - W s in  $ - D cos x + L s i n  It 
the to t a l   fo rce   pa ra l l e l   t o   t he  Z-axis i s  
The veloci t ies  imparted t o  the nose section by these forced and 
moments can be calculated from the  following relatians:  
Vx = dt 
These equations c m   e a s f l y  be solved by plotting curves of  the variations 
of Fx, Fz, ahd % with time and integrating  graphically. The variation 
e - 
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of displacement w i t h  time can be found frm the equations 
sx = f VX dt  
J 
sz = Vz dt  
e = 57.3 f 0 at 
These  equations may be solved by graphical integration of curves of Vx, 
VZ, and a, against t. 
The angle n that the re la t ive  wind mahea wfth the X-axis at any 
t i m e  is 
where 
md 
vzp = vp sin CLp 
The angle of attack of the nose section at m y  time can be found fYm 
the relat ion 
a = s r + e  t 131 
From equations (71, (8), and (131, values of %, sZ, and a a t  
various times are  known, and CL, CD, and Q can be found from aero- 
dynamic data for the, nose section under consideration. L i f t ,  drag, and 
pitching moment m a y  be calculated from  the equations 
L = CL 9VR2 
where 
From the following equatlon (r cau be found: 
To solve a problem usfng this method, the unknown quantfties of 
equations (I), (21, and (3)  m e  given assumed variations with time, 
and Fxy Fz, and MR are calculated for various values of t. The 
foregoing procedure (outlined i n  e q ~ a t 1 0 1 ~  (4) t o  (18)) is followed and 
the applfcable results are US& in equations (I), (21, and (3) a8 the 
next approxk t ion .  This whoLe process is repeated until the cdcula ted  
forces and moments agree with those of the last approximation. A sample 
calculatfon i l l u s t r a t fng  the application. of these equations i s  presented 
in the appendix, 
For the special cage of simple release (no propulsive force), the 
nose wil slide dawn the front of the fieelage and, assuming negligible 
s l i d i n g  f r ic t ion ,  equations (I) and (2)  becone 
Fx = -W sin I# - D cos IC f L sin A 
Fz = W cos - 13 sFn IC - L cas A 
8 - 
And the t o t a l  moment Mc about  point C i s  
= M - (r - S J F ~  
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For each value. of t, the equation for MB should be solved first. 
If MB i s  positive, the nose will pitch up, and MB must be plotted 
on the curve of the pitching mment against t h e .  If MB is negative, 
the  equation  for Mc should be  solved. I f  i s  then  positive,  the 
nose can pitch neither up nor down, and therefore zero should be plotted 
on the curve of the pitching moment against time. If % is negative, 
$he nose will pitch downward, and Mc must be plotted on'the curve of  
the pitching moment against t h e .  After the nme section clears the 
remainder of the a i r p l a n e ,  equatlon (3). applies. 
Since the objective in this work is  to   j e t t i son   the  nose section 
without injurfng the pilot, the various paths followed by the jett isoned 
nose section must be examined for the accelerations they impose on the 
p i lo t .  The cri t ical  accelerations are those acting along the backbone 
of  the  pilot  and causing him t o  "blackout" or "redout, I t  depending upon 
the sense of the force. The acceleration experienced by the  pi lot  
( f i g .  -3), i f  the mall component due to acceleration in pitch i s  neglected, 
i s  
'FP Ap = - W 
where 
Therefore, 
The signs o f  equation (21) are such that Ap w i l l  fol low the aeromedicQ 
sign convention; that is, negative acceleration i s  accelergtion teDding 
t o  make blood rush toward the head. 
NACA RM ~50318 
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In order t o  check the present method against experimentally 
determined results,  the path that the nose follows during jettisoning 
was calculated by using low-speed aerodynamic data frm reference 4 f o r  
conditions corresponding t o  two of the t e s t  runs of reference 3 .  In 
these test runs the tunnel airspeed w a s  125 miles pe r  hour. The nose 
was released with and wfthout s tabi l iz ing f i n s  from the airplane model 
which w a s  a t  Oo angle of attack. The resul ta  of these calculations are 
compared with the data from reference 3 i n  figures 4 t o  9 as plots  of 
displacements and accelerations of  the fu l l - sca le  airplane nose section 
agaFnst time. In general, there i s  close agreement between the curves. 
Since the nose without stabil izing  f ins  at tached  turned away from a nose- 
first a t t i tude  after leavlng the fuselage (reference 31, it waa Fmpossible 
to   ca lcu la te   the   res t  of the path inasmuch as the data of reference 4 
are only for angles of attack of Oo etnd 5O. When data are available f o r  
higher angles of attack, the present method can be applied to an unfinned 
nose i f  the dynamic derivatives are considered negligible. 
The major discrepancies between the calculated and experhental  
curves are in the t h e  scales. It i s  fe l t  that these discrepancies could 
be at t r ibuted  to   the  fact   that  zero time was originally established in 
reference 3 as the time of the motion-picture f'rame preceding that i n  
which movement of the nose was first detected, and, since the initial 
velocity of the nose section is  small, it i s  quite possible that movement 
during the first 0.05 second ( the ful l -scale  tfme between frames) could 
have passed unnoticed on the film. In transferring the vertical-  
acceleration curves f k o m  reference 3, the signs were changed, inasmuch 
as the aeromedical sign convention, w h f c h  w a s  used in reference 3, is 
based on the reaction of the blood in the body. 
TEE PATH OF A ROCKET-JETTISONED NO= SECTION 
Conditions 
The path that the nose section of reference 4, with stabil izing 
fins attached, would take i f  jettisoned from an 'airplane by m e a s s  of 
rocket propulsion has been calculated f o r  four different amounts of 
rocket thrust .  For the two largest rockets, the effect on the path of 
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shortening the duration of thrust was calculated, and for  the smallest 
rocket, the effect--of a lower initial velocity of  the airplane was 
calculated. For all the calculations, the following constants were 
assumed: 
p = 0.001496 slug per cubic foot (15,000-ft altitude) 
S = 175 square feet  
Vp = 800 fee t   per  second 
Vp (a l ternate)  = TOO feet per second 
E = 7.27 feet  
d = 4.4 f ee t  
m = 25.3 slugs 
I = 90.5 slug-feet squared 
ap = 20 
Y = -5O 
$ = 26O 
A t  = 0.02 second 
The distance 2 was selected in each case t o  keep the no8e section within 
the range of  angle of  attack of reference 4 throughout the computations, 
and i t s  magnitude i s  indicated in the figures presenting the vtxriuus paths. 
Results and Discussion 
The-paths of the fin-stabil ized nose section, jettisoned at 800 feet  
per second, with varicxls rocket thrusts are presented in figure 10. For 
these calculations, the rockets were assumed t o  have a duration sufficient 
t o  car ry  the  nose section out of the  area.for  which the aerodynamic 
characterist ics are known. The accelerations along the pilot 's backbone 
for  each Of these pathe 8re shown in figure ll. Whereas a rocket having 
a 2800-po~nd thrust, whfch l a e t s   u n t i l  the nose section i s  below the 
main %sel&ge, would seem t o  be the minimum size t o  ensure continued 
separation as sham in figure 10, another approach to   t he  problem w o u l d  
be t o  use a more powerful rocket of shorter duration. The most powerfil 
rocket used for the paths shown in  f igure  10 (4300-pound thrus t )  was 
assumed t o  have durations of 0.16 second and 0.20 second and the resul t ing 
the original path for this rocket aesuming a duration of 0.30 second, 
and the accelerations on t he  p i lo t  are sham in figure 13. The next 
most powerful rocket (36OO-poUna thrust) was assumed t o  have a duration 
of 0.20 second and the  path  of  the  nose  section  using  this  rocket w a s  
calculated. This path and the accelerations it imposes on the  p i lo t  
are sham in figures 14 and 15, respectively, with the results of a n  
assumed duration of 0.32 second repeated for comparison. U s e  of a large 
rocket of ehort duration is  shown t o  be possible, but, unless the duration 
can be very accurately controlled, it would not seem advisable inasmuch 
as a change of 0.04 second can spell the difference between col l is ion 
of the nose section and the rest of the airplane or clearance by a wide 
margin (fig. 12). F'inally, the effect  of r*uc$ng the initial velocity 
on the path of the no6e section using the 2800-pound rocket was calcu- 
lated. The paths for 800 feet per second and 700 feet per second are 
compared i n  figure 16 and the acceleratfons, in figure 17. 
i paths w e r e  calculated. These paths are presented in figure 12 along w i t h  
In order t o  evaluate the paths shown in figures 10, 12, 14, and 16, 
it i s  necessary to know w h a t  value sz must Lave t o  prevent collision 
of the nose section w i t h  the rest  of the  &plane when % again 
becomes zero. Two front-view drawings are presented in figure 18 and 
show the m€nFmum ver t ica l  displacement (sz) necessary t o  prevent 
coll ision of the nose and the rest of the airplane. P l a c i n g  the fins 
in the 45' planes (fig. 18) would reduce the value of sz required f o r  
successful jettisoning, and, since the investigation of reference 4 
found negligible dffference between the aerodynamlc characterietics of 
the nose for the alternate fin locations,  it would not change the path 
followed by the nose section. 
If the time interval  chosen in  applying the present method i s  mall 
enough, the faired curves of  force, moment, and velocity w i l l  represent 
the  actual  variations  with time and the true path o f  the nose section 
under consideration wfll be found. In order t o  check on the time interval  
of 0.02 second chosen for the present calculations, the path of the nose 
section  jettisoned  with  the 2800-pound rocket w a s  also calculated by use 
of a time interval  of 0.01 second. The resul ts  of  these calculations are 
included in figure 16 (only odd-numbered time intervals  are plotted),  
and the close agreement of the two paths would B e e m  t o  indicate that a 
tfme interval of 0.02 second i s  suff ic ient ly  mall for the conditions 
calculated in t h i s  paper. 
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C O N C L U D I N G  R E M A R K S  
A method ha8 been outlined whereby the  path of a jettisonable nose 
section at any speed m y  be calculated from the  instant  of i t a  release, 
assuming tha t  i t s  s t a t i c  aerodynamic characterist ics be known. The 
ef fec ts  of d i f fe ren t   Je t t i smhg  forces  on the path of a typical  fin- 
stabil lzed nose section have been sham for one se t  of Fnitial subsonic 
conditions, and the change in path due t o  reducing the Fntitial velocity 
for  one case has a l s o  been shown.  The m i n i m  practicable jettisoning 
force for the given set o f  conditions was found, and it was shown tha t  
a larger force acting for a shorter time would be satisfactory although 
the duration would be qui te   cr i t ical .  
Langley Aeronautical  Laboratory 
Natianal Advisory Committee for Aeronautics 
Langley A i r  Force Base, Va. 
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A P P E N D I X  
The application of the subject method consists of making an assump- 
t i on  of the  variation of force and moment w i t h  time for  a short period 
and then working through the necessary calculations. The result ing 
calculated values o f  Fx, Fz, and MR axe plotted against time and the 
curves are extended by further assumptions. The calculations are again 
cazried out for values of t beyond that value at which the assumed 
and calculated curves do no longer coincide. 
As a numerical example, the formulas are solved for the 2800-pa~nd 
rocket thrust at t = 0.18 second. The numbers in parentheses after 
each formula refer t o  the number of  that formula Fn the text of the 
report w i t h  the letter "a" t o  denote appendix. 
The values of Fx, Fz, and MR st t = 0.18  second are  assumed 
t o  be -530 pounds, 4300 pounds, and 1500 foot-pounds, respectively, and 
are plotted on their respective curves. Graphical Integration of t he  
curves yields . 
- n t = O .  18 
t=o. 18 
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These values, along w i t h  the others for this apprcrximation, are plotted 
on velocity-time curves and the curves are  faired. Graphical integrations 
of these curves determine Sx, Sz, and I3 as: 
p td1.18 
=J,=, vx a t  = 0.57 ft 
t=o. 18 
VZ dt =-1.21 f t  
t = O .  18 
(U a t  = -6.54O = -6O 32' ( 9 4  
Then 
In order t o  use the data of reference 4, the sepazations must be expressed 
in terms of diameters as 
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With the separations and the angle of attack knawn, the aerodynamic 
coefficients  are found f'rm reference 4 t o  be 
CL = -0.024 
The angle between the rocket thrust line and the X-axis is: 
Now e, FZ, and MR can be found as follows: 
FX = T COB - W sin 9 - D cos x + L s i n  x = 2800(0.8431) - 815 
(-0.05234) - 3143(0.9984) + (-2O39)0.0567 = -850 Ib ( 14 
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% = M + TZ = 2162 + 2800(-0.20) = 1602 f t - lb  ( 3 4  
These calculated  values of  Fx,  Fz, and MR replace  the original 
assumptions and Vx, Vz, and W are again  calculated, and the resul ts  
are  
_. t=o. 18 
vx = &J,, Fx dt = 4.33 f ’p~  
p t=O. 18 
vz = &jt, F~ at = 17.a r p s  
t=o. 18 
dt = -0.432 raUan/sec ( 6a) 
The displacements represented by these velocities are 
t=o. 18 
sx = L o  
Vx d t  = 0.57 f% 
t4.18 
sz =ft, VZ dt = 1.21 Ft 
These values agree with those of the last approximation and thue nothing 
cas be gained by fbrther calculations a t  t = 0.18 second. 
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Figure 1.- General sketch of the nose section after jettisming, showing 
the positive values of the forces, mments, distances, and angles F 
necessary f o r  the calculation of its path. z 
P a 
. .  . 
. ' ,  I 
. .  . . .  
/ / /- 
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Figure 2.- Sketch showing the information necesasry for the  determination 
of the' pitching m e n t  of the nose sectlm when no.propulsive force 
i S  applied. (Fx 8 8  ahawn on the fig. is a negative quantity.) 
20 
\ 
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Figure 3.- Sketch ahowing the fnfanmtion necessary for the determination 
of the component of acceleration parallel ta the backbone af the pilot. 
I 
ZBACA E24 L50G18 
70 
60 
TtME, sec 
Figure 4.- Cmprison  of calculated and experimental variations of 
vertical displacement wfth t h e .  S t a b i l i z k g  f f n s  attached to the 
nose section. 
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Figure 6 . -  Cmparfson of calculated and experimental variations of 
vertical  acceleration with time. Stabilizing fins attached to 
the nose section. 
. 
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F i w e  7.- Camparison of calculated and experimental variations of - 
horizontal acceleration w i t h  time. Stabilizing f in s  attached to 
the nose section. 
I 
ISACA RM L50G18 
5 
0 
0 .05 -10 . I  5 a 25 
TIME, sec 
Figure 8.- Camparison of calculated and experimental variations of 
ver t lca l  displacement with time. No stabilizing fins cm the nose 
section. 
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Figure 9.- Cmprison of ca,lculated and experimentaL variations of 
ver t ica l  acceleration with time. Mo stabilizing fins on the nose 
section. 
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Figure 10.- Paths of the nose section jettisoned by a rocket assuming 
four different rocket thrusts. Vp P 800 feet per second. - 
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Figure ll.- Accelerations experienced by a p i l o t  within a nose section 
jettisoned by a rocket assuming four different  rocket thrusts. 
Vp = 800 feet   per  second. 
Figure 12.- Faths of the noBe section jettisoned by a 4300-pound rocket 
thrust, assuming  three different durations of rocket thrust. 
2 = -0.05 foot; Vp = 800 feet per second. 
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Figure 13. -  Accelerations experienced by a pilot within a nose section 
jettisoned by a 4300-pound rocket thrust, assuming three different 
durations of rocket thrust: 2 = -0.05 foot; Vp = 800 -feet per second. 
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Figure 14.- Paths of the nose section jet t isoned by a 36OO-pound rocket 
thrust, assuming two different durations of mcket thrust. 
2 = -0.10 foot; vP = BOO fee t  per second. 
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Figure 15.- Accelerations experienced by a p i lo t  within a nose section 
Jettisoned by a 360o-pound rocket thrust, assuming two different 
durations of rocket thrust .  2 = 10.10 foot; vP = 800 feet per second. 
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Figure 16,- Paths of  the nose section jettisoned by a 2800-pound rocket 
thrust, assuming two different initial velocities. 2 = -0.20 foot .  
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Figure 17.- Acceleration8  experienced by a p i l o t  within a nose section 
jettisoned by a 2&IO-pound rocket thrust, aesuming two d i f f e r e n t  
init-1 velocities. 2 = -0.20 foot. 
Figure 18.- Wretch ahowing the robbum value of sz necessary for  clearing 
the rest of the airpLane. 
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